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Kelser's  demonstration  (1)  that  Agdes  aegypti  will  transmit  the 
virus  of  equine  encephalomyelitis  from  infected  to  normal  guinea 
pigs  provides  an  almost  ideal  combination  for  the  study  of  insect 
transmission  of this type of infection.  The mosquitoes can be  raised 
with  ease  the  year  round,  and  guinea  pigs  are  highly  susceptible  to 
the virus, which  produces in  them a  characteristic  disease.  It is our 
purpose  to  record  here  certain  observations  that  followed  attempts 
to  confirm  Kelser's work. 
Methods 
To Dr. A. Watson Sellards  we are indebted for the original stock of A~tes 
aegypti eggs as well as directions which enabled us, with the assistance of Dr. 
Lacaillade, to establish a colony quickly.  For transmission experiments females 
that had recently emerged and that had never been given a  blood meal were 
transferred to small screened cages.  These mosquitoes could be infected by feed- 
ing either on a guinea pig inoculated with encephalomyelitis virus or on a  mixture 
of the brain from an infected guinea pig and defibrinated horse blood.  When 
mosquitoes are to be fed on a living animal, their food, consisting of 3 per cent 
sugar solution, is withheld for 3 days.  They will then readily attack a  guinea 
pig that is immobilized and placed in their cage.  The infection of mosquitoes by 
feeding on a  mixture of virus and blood requires a more careful preparation of 
the insects.  For 4 days they are allowed only water and this is withheld the night 
before they are fed.  The mixture then offered them consists of a  10 per cent 
suspension of brain from an infected guinea pig in saline and an equal part of 
defibrinated horse blood.  A pledget of cotton in each of two small Petri dishes is 
moistened with the mixture and a  little powdered sugar is sprinkled over the 
surface.  One dish is placed in the refrigerator and the other in the cage.  The 
hungry mosquitoes feed on the mixture, which is allowed to remain in the cage for 
an hour and is then replaced by the one that has been held in the refrigerator, since 
it is known that the virus deteriorates rapidly at room temperature.  By with- 
holding water for 1 day and sugar solution for 2 days the mosquitoes that have 
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not fed die of starvation.  After this time they are fed daily a 3 to 5 per cent sugar 
solution which is poured over cotton placed on the top of their screen wire cage. 
A piece of cotton moistened with water is also kept on the cage.  As will be seen 
from the tables, mosquitoes have been kept alive for long periods of time on this 
diet. 
Infection of Mosquitoes with Western  Virus 
Using  the  same  strain  of western  virus  our first  attempts  to  con- 
firm  Kelser's work  were  negative.  However, a  successful  transmis- 
sion from an infected to a  normal guinea pig was finally secured and 
it was noted that in this case the virus content of the blood of the in- 
fected  animal  was  unusually  high.  Following  this  observation  sev- 
eral  lots  of mosquitoes  were  fed  on  a  guinea  pig  at  intervals  after 
inoculation,  and  at  the  time  of  feeding  blood  was  withdrawn  and 
titrated  for  its virus  content.  The mosquitoes  were later tested  for 
their  ability  to  transmit  the  virus  to  normal  guinea pigs  and  it was 
found  that  only  those  lots  that  fed  on  the  inoculated  animal  when 
the  test  showed  that  the  virus  content  of  the  blood  was  high  were 
later  able  to  transmit  the  disease.  Since  the  success  or  failure  of 
transmission  experiments  may  depend  on  this  point  further  experi- 
ments  were made,  one of which follows. 
Five hundred normal female A~des aegypti were divided into four equal lots 
and each lot was fed on defibrinated horse Mood mixed with different dilutions 
of brain from an infected guinea pig.  The virus content of this brain was such 
that disease was produced in a guinea pig by the injection into the foot pads of 
1  x  10  --6 cc. of the 10 per cent suspension of the guinea pig brain.  In this experi- 
ment the dilutions were made with a 10 per cent suspension of normal guinea pig 
brain in salt solution, but in other experiments salt solution alone was used as a 
diluent and the same results obtained.  The results of the experiment are given 
in Table I. 
Immediately  after  feeding,  virus  was  demonstrated  in  the  mos- 
quitoes withdrawn from the lot fed on the highest dilution of infected 
brain,  so that it must have been present in all lots.  When tested for 
their ability to  transmit  at different time intervals,  only the mosqui- 
toes that received the  undiluted  and  the  1 per  cent brain  suspension 
were  able  to  infect  guinea  pigs.  Furthermore  at  28  days,  which 
ended  the  experiment,  virus  could  be  demonstrated  by inoculation 
only  in  these  first  two  lots.  The  experiment,  the  results  of  which MALCOLM  H.  MERRILL  AND  CARL  TENBROECI(  689 
coincide with others like it, shows that to secure positive transmission 
by Agdes aegypti the mosquitoes must be fed virus of high concentra- 
tion.  When fed lower concentrations the virus is soon lost and trans- 
mission experiments are negative. 
Experience  has  shown  us  that  in  order  to  infect  the  mosquitoes 
from  guinea  pigs  inoculated with  the  virus  the  feeding must  take 
place  within  a  relatively narrow  period  of  time.  The  practice  we 
have finally adopted is to give the animals an intracerebral injection 
TABLE  I 
Amount of Western Virus Necessary to Infect A~des aegypti.  Brain Virus Diluted 
with 10 Per Cent Suspension  of Normal Guinea Pig Brain and Mixed with an 
Equal Amount of Defibrinated Horse Blood 
Fed 10 per 
cent  suspen- 
sion  of  virus 
diluted 
Undiluted 
1:10 
1:100 
1:1000 
Virus  shown by 
guinea pig  pad 
inoculation  oil cc. 
suspension  of 10 
mosquitoes in 
2.5  cc.  saline 
Imme- 
diately 
a~ter 
feeding 
+ 
28 days 
after  No. fed 
feeding 
+ 
+ 
o 
o 
Transmission to guinea pigs by feeding 
7th  day  I 
Result  No.  fed 
20  +* 
20  4- 
2O  0 
2O  0 
14th day 
Result 
24  -{- 
21  + 
70  0 
65  0 
21st  day 
No. fed  Result 
25  + 
25  + 
8O  0 
75  0 
28th day 
No. fed  Result 
24  + 
25  + 
65  0 
75  0 
* In this and all the remaining  tables, + indicates that the guinea pigs showed a 
typical temperature, symptoms and death, or temperature and subsequent im- 
munity.  0 indicates no temperature and no immunity. 
of 0.1  cc. of the 10 per cent suspension of infected brain and in addi- 
tion 0.25  cc. into the pad of each hind foot.  The mosquitoes are fed 
as soon as possible after the temperature of the animals reaches 40.5 °  , 
which is  from  18  to  30  hours  after  the  inoculation.  If  fed  at  this 
time  mosquitoes  usually  transmit  the  disease  when  tested  subse- 
quently,  but  if the  feeding is  delayed the  transmission  experiments 
are  either negative or irregular. 
In  Table  II  are  the  results  of  an  experiment made  to  determine 
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transmit the disease and the length of time that  they would retain 
the  virus.  Three  hundred  and  fifty young females were  fed  on  a 
mixture of brain of high virus content and defibrinated horse blood, 
and all insects that failed to feed were killed.  Two and 4  days after 
the feeding a  certain number, as  shown in  Table  II,  fed on  normal 
guinea pigs, but in neither case did infection follow this feeding.  This 
finding agrees with the work on insect-borne plant viruses as well as 
with the work on yellow and dengue fever which shows that a certain 
time after infection must elapse before transmission can be secured. 
At 7 days the bites of 20 and of a  single mosquito produced infection 
in guinea pigs.  However, not every mosquito was capable of  trans- 
mitting the infection at this time.  The results of other  feeding ex- 
TABLE  II 
Transmission  of Western Strain of Equine Encephalomyelitis  Virus to Guinea Pigs 
by A~des aegypti Fed on Brain Virus + Horse Blood 
Days a.fter feeding 
on vlrus  ..........  2 
No.  of  mosqui- 
toes fed ......  21 
Result ........  0 
4 
2O 
0 
20 4221  1  1  1  1 
+ooo+ooo 
15 
20 20 
++ 
24  30 
75  4O 
+  + 
* Virus was demonstrated in a suspension of the remaining 
the 92nd day. 
54 
26 
0 
63  75  87* 
40  35  25 
+  o  o 
18 mosquitoes on 
periments are given in the table, and it will be seen that transmission 
was  obtained  63  days  after  the  initial  infection of  the  mosquitoes. 
The feeding at  75  and 87  days did not produce disease, yet on  the 
92nd  day,  when the  remaining  18  mosquitoes  from  the  experiment 
were suspended in salt solution and this suspension inoculated into a 
guinea pig,  infection followed,  showing  that  the virus had been re- 
tained by the mosquitoes for approximately 3  months. 
We have reported experiments (2) which show that in Agdes aegypti 
there is an increase of virus and that we could pass the virus from one 
lot of mosquitoes to another in series.  At the time of the report the 
virus had been passed through 10 lots of insects.  The experiment was 
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in undiminished  amounts.  We also reported that the virus appeared 
to be generally distributed in the body of the mosquito, since it could 
be found in  the body fluid as well as in  the legs of infected insects. 
It has been found in the legs of mosquitoes 35 
meal.  There has been no indication  that  the 
insects for the death rate in infected lots is no 
days after the infecting 
virus is harmful  to the 
higher than in controls. 
For  the  understanding  of the  transmission  of the  disease it  is im- 
portant  to  know  whether  the  virus  can  go  from  one  generation  to 
another  through  the  egg.  In  repeated  experiments  the  injection  of 
suspensions of eggs from females known to be capable of transmitting 
the virus, as well as of larvae,  pupae,  and  adults from such eggs has 
failed  to  demonstrate  the  virus.  Furthermore  attempts  to  infect 
larvae by adding a  suspension of brain containing virus or the ground 
up  bodies of  infected  adult  mosquitoes  to  the  water  in  which  they 
were living  have  been negative. 
Experiments  made  to  determine  whether  the  virus  can  be  trans- 
mitted  from  one  female  Agdes  aegypti  to  another  by  means  of  the 
male have all been negative.  Males were kept with  infected  females 
for  a  time,  then  removed,  and  a  portion  suspended  in  salt  solution 
and injected into guinea pigs.  The remainder were put in a cage with 
normal  females  and  a  test for virus was made  by allowing  these  fe- 
males to bite guinea pigs and by the injection of a suspension of such 
females.  In no case has virus been found present either in the males 
or in the exposed females. 
A  more rigid  test is as follows: 
A lot of 200 male A~des aegyptl were starved for 4 days and then allowed to 
feed on a mixture of brain  virus and horse blood.  Four days later they were 
placed in a cage with 100 normal females.  After 7, 14, and 21 days these females 
were allowed to bite guinea pigs, the number feeding being 70, 45, and 60, re- 
spectively.  No disease was produced in the guinea pigs.  Fourteen and 21 days 
after the mosquitoes were placed in the cage, virus was demonstrated  in suspen- 
sions of 15 and 12 of the male mosquitoes, showing that the virus taken in at the 
initial feeding had been retained. 
Experiments with the Eastern Strair~ 
All  of  Kelser's  work  and  the  experiments  described  to  this  point 
have been with  the western  strain  of virus which,  as we have shown 
(3),  differs  serologically  from  the  strain  obtained  in  the  eastern 692  TRANSMISSION  OF  EQUINE  ENCEPHALOMYELITIS 
United  States.  Our attempts to infect Aides aegypti with this eastern 
strain of virus by allowing them to feed on infected brain of high titer 
or on infected guinea pigs have been essentially negative.  In  Tables 
III  and  IV  are  examples  of  such  experiments.  In  the  latter  table, 
TABLE  III 
A bility  of A~des aegypti to Retain and Transmit  Eastern and Western Strains  of 
Equine Encephalomyelitis Virus to Guinea Pigs after Feeding on Brain 
Virus +  Horse Blood 
Days after feeding 
on virus 
Immediately 
3 
7 
14 
Virus in 10 
mosquitoes 
+ 
+ 
+ 
+ 
Western virus  Eastern virus 
Transmission by feeding 
No. fed  Result 
50  0 
32  + 
21  + 
Virus in 10 
mosquitoes 
+ 
+ 
0 
0 
Transmission by feeding 
No. fed  Result 
45  0 
25  0 
18  0 
TABLE  IV 
Ability of A~des aegypti to Transmit Eastern and Western Strains of Equine 
Encephalomyelitis  Virus from Infected to Normal Guinea Pigs 
Days after feeding 
on infected guinea pig 
4 
5 
7 
11 
20 
30 
Western virus 
No. feeding  Result 
28  + 
16  + 
25  + 
25  + 
35  + 
40  + 
Eastern virus 
No. feeding  Result 
25  0 
14  + 
25  0 
25  0 
18  0 
The titration of a  suspension  of 10 mosquitoes from each lot in salt solution 
immediately after the infecting meal showed that both had approximately the same 
amount of virus. 
the mosquitoes fed on a  guinea pig infected with eastern virus trans- 
mitted  the  disease  on  the  5th  day  but  subsequent  feedings  were 
negative.  This  is  the  only positive  transmission  that  we  have  ob- 
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Storey  (4)  has reported some interesting experiments with a  strain 
of leafhoppers that was incaapble of transmitting the streak virus of 
corn.  He  found  that  he  could  inoculate  them  by  puncturing  the 
abdomen with  an  infected needle or by  allowing them  to  feed on  a 
diseased plant and then puncturing with a  clean needle.  After either 
method  of  inoculation  they  were  capable  of  transmitting  the  virus 
TABLE V 
Effect  of Puncturing the Abdomen  after an Infective  Blood Meal on the AMlity of 
A~des aegypti to Transmit Equine Encephalomyelitis  Virus of the Eastern Type 
Experiment 1  Experiment 2  Experiment 3 
Days after  . 
infective meal 
when mosqul-  Punctured  Control  Punctured  Control  Punctured  Control 
toes fed on  --  l,  norml,  g.inea 
pigs  No.  1  ..... ,, l  No.  [D ......  lqo_.  No.. 
7 
14 
21 
28 
35 
42 
49 
56 
63 
~ed"  Result  i ~'.  Result 
46  + 
45]  + 
ssl+ 
30  I  + 
38  I  + 
i  35  o 
35  I  0  30  + 
i  26  +* 
No.  fed  Resul 
4  d  0 
! 
30  0 
iS9  0 
4O  0 
42  0 
53  0 
4O  0 
44  0 
55  + 
24  + 
18  + 
16  o 
45!  + 
23  o 
20  + 
31!  + 
25  + 
17  + 
ill  + 
lo  +t 
I 
No.  Result  fed Io  35 
46 
36  0 
38  0 
35  0 
301  0 
25  0 
23  0 
23  0 
fed'  Result  'fed 
35  + 
33  + 
4O  + 
35  0 
33  + 
23  0 
2O  0 
5  0 
is  o, 
Reset 
50  0 
5O  0 
55  0 
52  0 
33  0 
5O  0 
26  0 
I0  0 
0  26 
* A suspension of 16" remaining  mosquitoes  90 days after the initial feeding 
produced encephalomyelitis in a guinea pig. 
t A suspension  of 6 remaining  mosquitoes  79 days after the initial feeding 
produced encephalomyelitis in a guinea pig. 
:~ A suspension of 6 remaining mosquitoes 71 days after the initial feeding failed 
to produce encephalomyelitis in a guinea pig. 
to  normal  plants.  We  have  repeated  this  type  of  experiment  with 
Agdes aegypti  and the eastern virus.  Table V  contains the results of 
three  separate  experiments in which the mosquitoes were allowed to 
feed on  infected guinea pigs  and  half of them  were  then punctured 
with  a  small  sewing needle.  When  the  punctured  mosquitoes were 
allowed to feed on normal guinea pigs infection resulted, whereas the 
control mosquitoes that had fed on the guinea pigs  at the same  time 694  TRANSMISSION  OF EQUINE  ENCEPHALOMYELITIS 
but had not been punctured invariably failed to transmit the disease. 
However,  if  the  punctured  mosquitoes  were  retained  for  approx- 
imately  6  weeks  infection  did  not  always  follow their feeding. 
Attempts were also made to inoculate mosquitoes by piercing their 
abdomens with a  small needle that had been moistened in virus sus- 
pensions.  If mosquitoes with flat abdomens are punctured the mor- 
tality is  about 90  per  cent,  but  when their abdomens are  distended 
the puncture is less harmful.  In Table VI are the results of two ex- 
TABLE VI 
Ability of A~des aegypti to Transmit Equine Encephalomyelitis  Virus of the Eastern 
Type  after  Their Abdomens Had Been Punctured  with a Needle 
Moistened in Virus Suspension 
Days after  Experiment A  Experiment B  inoculation when 
mosquitoes fed 
on normal guinea  No. feeding  Result 
pigs 
8 
15 
22 
29 
35 
43 
50 
57 
63 
25 
23 
15 
20 
15 
15 
12 
15 
12" 
+ 
+ 
+ 
+ 
+ 
o 
o 
o 
o 
No. feeding  Result 
40  + 
32  + 
22  + 
25  0 
30  0 
27  0 
20  0 
21  0 
20t  + 
* A suspension  of 9 remaining mosquitoes 68 days after the initial  feeding pro- 
duced encephalomyelitis  in a guinea pig. 
t A suspension of 17 remaining mosquitoes 68 days after the initial feeding  pro- 
duced encephalomyelitis  in a guinea pig. 
periments.  The Lot A  mosquitoes were  allowed to  feed on  normal 
horse  blood  and  their  abdomens  then  punctured  with  the  needle 
moistened with virus, while Lot B were fed on sugar solution previous 
to the puncture.  In Experiment A  transmission was obtained up  to 
the  35th  day,  whereas  in  Experiment  B  there  was  no  transmission 
after  the  22nd  day until  the  63rd  day.  In  both  experiments virus 
was demonstrated on the 68th day after inoculation by the injection 
of suspensions of mosquitoes from each lot into normal guinea pigs. 
The  inoculation  of  mosquitoes  with  a  virus  to  which  they  are MALCOLM H.  MERRILL  AND  CARL  TENBROECK  695 
ordinarily resistant  suggests that  under certain  conditions a  similar 
process may occur in nature.  For example, if mosquitoes of a certain 
region had an intestinal infection, virus taken in at a blood meal might 
penetrate the mucosa and be transmitted at the next feeding.  If this 
occurred repeatedly the virus might become adapted to the mosquitoes 
and be  able  to  infect normal individuals.  Thus  a  new transmitter 
of a  disease might conceivably arise. 
SUMI~R¥ 
In  confirming  Kelser's  work  on  the  transmission  of  equine  en- 
cephalomyelitis of  the  western  type  by  A~'des aegypti  it  has  been 
learned that the mosquitoes must be fed virus of high titer if positive 
results are to be secured.  A period of from 4  to 5 days after feeding 
either on infected guinea pigs or on brain containing virus must elapse 
before the disease is transmitted by biting, but after this time trans- 
mission regularly results for a period of about 2 months.  By inocula- 
tion, virus can be demonstrated in the bodies of infected mosquitoes 
for  the duration of life. 
Although virus multiplies in  the mosquitoes and is  generally dis- 
tributed in  their bodies, repeated attempts to  demonstrate it in the 
eggs from females known to be infected as well as in larvae, pupae, 
and  adults  from  such  eggs  have  been  uniformly negative.  Larvae 
have not taken up virus added to the water in which they were living. 
Male mosquitoes have been infected with virus by feeding but they 
have  not  transmitted the virus  to  normal females, nor  have  males 
transmitted the virus from infected to normal females. 
When  virus  of  the  eastern  instead  of  the  western  type  is  used 
transmission  experiments  with  A~'des aegypti  are  negative.  Ap- 
parently this virus is incapable of penetrating the intestinal mucosa 
of the mosquito.  If, however, it is inoculated into the body cavity 
by  needle  puncture  it  persists  and  transmission  experiments  are 
positive. 
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